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INTRODUCTION
C hronic periodontitis is a multifactorial disease, where putative periodontopathogens trigger chronic inflammatory and immune responses. Bacteria associated with periodontal diseases are usually found in biofilms protecting them from antimicrobial agents.
Conventional, nonsurgical periodontal therapy consists of supragingival and subgingival tooth debridement. Mechanical debridement is usually effective in both disturbing the biofilm and reducing the bacterial load. Sometimes, it may not be sufficient to control the disease due to complex anatomy of the root and the contours of the lesion. [1] In addition, certain microorganisms have the ability to invade and reside within the gingival tissues providing a reservoir for the bacteria that rapidly repopulate the pocket. The base of the pocket is difficult to access for periodontal instrumentation and hence mechanical methods alone are insufficient. [2, 3] To overcome this, systemic antimicrobials delivery was initiated to augment the effects of conventional mechanical periodontal therapy. However, side effects including hypersensitivity, gastrointestinal intolerance, and the development of bacterial resistance have been reported with systemic antimicrobials. [4] Some studies also reported poor results of the drug to achieve an adequate concentration at the site of action, and/or due to the inability of the active product to be retained locally for a sufficient period. [5] To avoid the undesirable effects of systemic antibiotic administration, several local drug delivery (LDD) systems have been developed. Local delivery of antibiotics into the pocket achieves a greater concentration of the drug locally, proving bactericidal for most periopathogens and at the same time exhibits negligible impact on the microflora residing in other parts of the body. [6] The concept of controlled-release local delivery of therapeutic agents, either antimicrobials or anti-inflammatory agents, was advocated and developed into a viable concept primarily by Dr. Max Goodson in 1979 . He developed hollow fibers of cellulose acetate filled with tetracycline.
Hyaluronic acid (HA) was discovered in 1934 by Karl Mayer and his colleague John Palmer, Scientists at Columbia University, New York, who isolated a chemical substance from the vitreous jelly of cow's eyes. They proposed the name "Hyaluronic Acid" as it was derived from the Greek word hyalos (glass) and contained two sugar molecules one of which was uronic acid. [7] Hyaluronan, a nonsulfated glycosaminoglycan, is widely distributed throughout connective tissue and epithelial and neural tissues. It is a critical component of the extracellular matrix and contributes significantly to tissue hydrodynamics and cell migration and proliferation. Hyaluronan is also produced by fibroblasts in the presence of endotoxin; it plays an important anti-inflammatory role through the inhibition of tissue destruction and facilitates healing. [8, 9] The use of hyaluronan in the treatment of inflammatory processes has been established in several settings such as in the treatment of osteoarthritis, [10] cataract surgery, [11] and radioepithelitis following radiation therapy and intra-articularly injected hyaluronate alleviated clinical characteristics of rheumatoid arthritis. [12, 13] HA plays important role in cell adhesion, migration, and differentiation mediated by the various HA binding proteins and cell-surface receptors. It has been studied as a metabolite or diagnostic marker of inflammation in the gingival crevicular fluid as well as a significant factor in growth, development, and repair of tissues. [14] The beneficial effect of a hyaluronan-containing gel during the therapy of plaque-induced gingivitis is proven by clinical and paraclinical variables. [15] Yet, a coherent and conclusive evaluation of the possible effect of HA in the treatment of periodontal diseases has not been possible due to a large variability in the limited literature that is available. [16] Thus, the present study aimed to assess the clinical effects of subgingival application of 0.8% HA gel as an adjunct to scaling and root planing (SRP) in the treatment of generalized chronic periodontitis.
Aim
The aim of this study is to compare the effect of the local delivery of HA as an adjunct to SRP versus SRP alone in the treatment of chronic periodontitis.
Objectives
• To assess the clinical effects of subgingival application of 0.8% HA gel as an adjunct to SRP • To test the efficacy, equivalence or superiority of subgingival administration of HA gel in addition to SRP as compared to SRP alone in the treatment of chronic periodontitis.
MATERIALS AND METHODS

Source of data
Patients were recruited from the outpatient department of Periodontics. The ethical clearance was obtained from the Institutional Ethical Committee. 
Inclusion criteria
Study design
Informed written consent was obtained from all the subjects before participating in the study.
All study subjects underwent an oral examination, and the below-stated indices were recorded by a single examiner.
Baseline periodontal assessment included as follows:
• Plaque index (PI) [17] • Gingival index (GI) [18] • PPD • Relative attachment level (RAL). [19] In each recruited patient, teeth with PPD of ≥5 mm were allotted to either.
• Group A -(n = 50): Control sites: Treated with SRP only or • Group B -(n = 50): Test sites: Treated with SRP + hyaluronan gel 0.8%.
Full mouth SRP was performed for all the subjects. The experimental sites were gently dried using an air syringe and isolated with cotton rolls. This was followed by subgingival administration of 0.2 ml 0.8% HA gel into selected sites following SRP [ Figure 1b ]. The 0.8% HA gel was in the form of preloaded 1 ml syringes with a blunt cannula different time intervals during follow-up showed that there was a statistically significant reduction in the PI scores at each follow-up as compared to baseline. However, there was no significant difference found between 4 weeks and 12 weeks follow-up. These findings were true for both the test and the control group [ Table 2 and Graph 2].
Gingival index
Inter-group comparisons of GI at each follow-up carried out by t-test revealed no significant difference between the groups at any stage during the follow-up as seen in Table 3 and Graph 3.
Comparison at different time intervals during follow-up done showed that there was a statistically significant reduction in the GI scores at each follow-up as compared to baseline. However, there was no significant difference found between 4 weeks and 12 weeks follow-up. These findings were true for both the test and the control group [ Table 4 and Graph 4].
Probing pocket depth
There was no statistical difference found at baseline between the test and the control group. However, there was significantly significant reduction in the probing depths in test group as compared to the control group at both, 4 weeks (P = 0.044) and 12 weeks (P = 0.041) recall as shown in Table 5 and Graph 5. Comparison at different time intervals during follow-up showed a statistically significant reduction in the probing depths at each follow-up as compared to baseline. A statistically significant reduction was also seen between the 4 weeks and the 12 weeks follow-up. These findings were true for both the test and the control group [ Table 6 and Graph 6].
(Gengigel ® 0.8%, Ricerfarma) [ Figure 2 ]. The test sites were then covered with a periodontal dressing (Coe-Pak ® ) for retention of the material [ Figure 1c ]. Each subject was told to report immediately if the pack was dislodged before the scheduled recall visit or if any sort of discomfort, pain, burning sensation, or any allergic reaction occurred.
At the 1 st week recall, the same procedure was repeated. HA gel was readministered at the test sites after removing periodontal dressing. The periodontal dressing was placed again, and the instructions were repeated.
Subjects were recalled after 7 days for removal of the periodontal dressing, reinforcing oral hygiene maintenance instructions, and recording clinical parameters. Recall visits were scheduled at the end of 4 weeks and 12 weeks.
Statistical analysis
A convenient sample size of 100 sites was included under 5% alpha error and 80% of power of the test to detect the significant difference. All data collected was entered in Microsoft Excel (MS office version 2010) and tabulated. Data analysis was done using Windows PC-based SPSS version 17 software (SPSS Inc., Chicago, IL, USA). The one-way analysis of variance was used to compare the intra-group parameters at various time intervals (baseline, 4 weeks, and 12 weeks) followed by Bonferroni post hoc test. The Student's t-test was used to determine whether a statistically significant difference existed between the test and the control groups at different time intervals. Statistical significance was set at 5% level of significance (P < 0.05).
RESULTS
One hundred sites were selected from nine patients, showing PPD ≥5 mm in at least one tooth in the contralateral quadrants. These patients, in the age group of 30-60 years, satisfied the inclusion criteria of having chronic periodontitis. All subjects completed the study. The periodontal parameters were assessed at baseline, 4 weeks, and 12 weeks.
For PI and GI, site-specific scores were recorded and tabulated. For PPD and RAL, the deepest probing depth and its corresponding RAL, for the selected tooth, were recorded and tabulated. These recordings were subjected to both intra-and inter-group comparisons.
Plaque index
Inter-group comparisons of PI at each follow-up revealed no significant difference between the groups at any stage during the follow-up as seen in Table 1 and Graph 1. Comparison at Relative attachment level There was no statistical difference found at baseline between the test and the control group. However, there was a significant reduction in the RALs in test group as compared to the control group at both, 4 weeks (P = 0.00) and 12 weeks (P = 0.00) recall as shown in Table 7 and Graph 7. Comparison at different time 
DISCUSSION
Periodontal diseases are plaque-associated infections initiated by the accumulation and maturation of pathogenic biofilms of the surface of the teeth and oral mucosal surfaces. Periodontitis appears in a generalized form but more often appears in local areas in a patient's mouth or is reduced to localized areas after Phase I treatment. [20] Nonsurgical therapy remains the cornerstone of periodontal treatment. [21] However, the ability of the clinician to gain access to deep pockets, during SRP, often results in a substantial variation in its effectiveness. [20] To overcome these limitations, LDD systems were developed. [6] A number of studies have reported a variety of LDD systems as adjunct to SRP. However, the outcomes obtained from these results have been questioned for their clinical superiority as compared to the conventional debridement and have emphasized on the need for further research for the same. [22] HA has been attributed a protective role in inflammatory damage. Hyaluronan in its various forms, shows bacteriostatic, fungistatic, anti-inflammatory, anti-edematous, osteoinductive, and pro-angiogenetic properties, thereby promoting wound healing in a variety of tissues. [14] Healing of periodontal wound includes a series of highly reproducible and rigidly controlled biologic events which includes inflammation, granulation tissue formation, epithelium formation, and tissue remodeling. Hyaluronan plays an important role through all the stages of periodontal wound healing. [14] Håkansson et al. suggested role of hyaluronan in migration and adherence of Polymorphonuclear leukocytes (PMN's) and macrophages at the inflamed site and the phagocytosis and killing of invading microbes. Such events would allow counteraction of colonization and proliferation of anaerobic pathogenic bacteria in the gingival crevice and adjacent periodontal tissues. [23] Hyaluronan itself may also prevent periodontal pathogen colonization by directly preventing microbial proliferation. It may also indirectly act to moderate inflammation and stabilize the granulation tissue by preventing degradation of the extracellular matrix proteins by serine proteinases derived from inflammatory cells as healing progresses. [14] HA has shown to accelerate bone regeneration by means of chemotaxis, proliferation, and differentiation of mesenchymal cells. HA shares bone induction characteristics with osteogenic substances such as bone morphogenetic protein-2 and osteopontin. [24] A number of studies on HA have advocated its use as monotherapy or as adjunct to nonsurgical and/or surgical periodontal treatment to reduce inflammation and promote wound healing. [13, [25] [26] [27] In a recent systemic review, the authors concluded that coherent and conclusive evaluation of the possible effect of HA in the treatment of periodontal diseases has not yet been possible and a positive additional effect of HA application should be repeatedly reported in controlled clinical settings. [16] Thus, we evaluated the effect of locally delivered hyaluronan gel used in adjunct with SRP in the treatment of chronic periodontitis. The gel used in our study (0.8% Gengigel Prof ® , Ricerfarma) contains hyaluronan, xylitol, and excipients. No undesirable side effects have been reported by the patients in any previous studies. It is available in a preformed syringe form with blunt cannulas for subgingival delivery for the gel. [28] Our study design was a randomized, controlled trial in accordance with the recommendations by Pihlström in 1997. [29] On the test sites, after completion of SRP, 0.2 ml of 0.8% HA gel was subgingivally placed using the preformed syringes. The hyaluronan gel was reapplied at 1 week posttreatment. This study design was similar to the study reported by Johannsen et al. [13] Periodontal pack (Coe-Pack) was given after HA application. [13] This would help retain the drug subgingivally for maximum period.
The clinical parameters were assessed at baseline, 4 weeks, and 12 weeks. The difference between the mean baseline values of both the test group and the control group for all the clinical parameters was statistically insignificant. Thus, the randomization was successful.
The inter-group comparison, at 4 weeks and 12 weeks, showed that the difference between the mean PI and GI was insignificant between the test and the control group. However, intra-group comparison in both the test and the control group at the recall appointments showed a highly statistically significant difference from the baseline. This reinforces the already ingrained importance of SRP in nonsurgical periodontal therapy. Hawthorne effect could also be a contributing factor where the subjects enrolled in the study maintained better oral hygiene leading to significant improvement in the PI and the GI. [30] In the intra-group comparison for PPD, in both test and the control groups, a statistically significant reduction was observed at 4 weeks and 12 weeks. However, in the inter-group comparison, a statistically significant difference was seen in the test group as compared to the control group at both 4 weeks and 12 weeks.
Thus, SRP did have a significant role in PPD reduction. However, application of HA gel augmented its effects, and lead to further reduction in the PPD.
Periodontal pockets are pathognomic signs of periodontal disease. A number of studies have documented significant improvement in probing depth variable when HA gel was used in conjunction with SRP. [16] Johannsen et al., also used 0.8% HA gel in combination with SRP, found that reduction in probing depth between baseline and 12 weeks was statistically significantly greater for the test group than the control group (1.0 + 0.3 mm and 0.8 + 0.2 mm), respectively. [13] Even in studies wherein the modes of application of HA gel and the frequency differed in the treatment of chronic periodontitis patients, significant reductions in pocket depths were observed. [28, [31] [32] [33] [34] Only two studies by Xu et al. [35] and Gontiya and Galgali [28] that we found in the literature have contradictory results. However, in both the studies, the concentration of HA was 0.2%. Thus, we could infer that a higher concentration of HA is needed for better clinical outcomes.
In a recent systematic review on the effects of hyaluronan in periodontal therapy, the authors concluded that HA has definite positive effect on the probing depth reduction as compared to SRP alone. [16] Apart from the already established role of HA on wound healing, this reduction in the probing depth could also be accredited to the fact that hyaluronan has been shown to directly interfere with inflammation. HA gel has bacteriostatic effect on periodontal pathogens. [25, 27, 36] These properties might reduce bacterial load in the initial stage of healing and hence may have resulted in better improvement in test group patients than control group. HA has been said to have regenerative and osteoinductive potential. [37] In the present study, both the groups showed a statistically significant gain in the attachment at 4 weeks and 12 weeks. However, the test group showed a statistically significant improvement in RAL as compared to the control group. All the properties discussed so far attributed to hyaluronan could ensue these positive effects on the attachment level.
Another study by Chauhan et al. showed a similar gain in the attachment level in the group where HA was used in conjunction with SRP. [32] Most of the studies have also shown an enhancement in the attachment levels wherein HA was used as an adjunct to SRP. They, however, did not find a statistically significant difference between the test and control groups. [13, 27, 28, 31, 34, 35] This could be attributed to the vast difference in the study design such as the severity of the disease in the subjects, the concentration of the gel, and the mode of application, frequency.
Hyaluronan has also been studied as an adjunct to periodontal surgical treatment. In a case series by Vanden Bogaerde, [38] wherein open flap debridement (OFD) was performed with adjunct use of hyaluronan for the treatment of intrabony defects, clinical attachment level (CAL) gain after 12 months was observed. CAL gains ranging from 1.9 to 3.5 mm [39, 40] were observed when HA was used in adjunct to modified Widman flap or OFD. In another study, HA gel application as adjunct to guided tissue regeneration (GTR) resulted in statistically significant larger radiographic bone gain comparing to only GTR. [41] Thus, these findings support the gain in the clinical attachment we found in our study owing to the favorable properties of hyaluronan.
The application of hyaluronan, thus, has an irrefutable advantage on the various gingival and periodontal clinical parameters in the treatment of periodontal disease.
SUMMARY AND CONCLUSION
Clinicians are challenged with managing patients with periodontitis of varying extent and severity. Treatment options range from SRP to SRP with adjunctive treatments to surgical interventions.
Hyaluronan as an LDD is gaining foothold too. Due to its antiinflammatory, anti-microbial and regenerative properties, it is being evaluated as an adjunct to both nonsurgical and surgical therapy in periodontology.
In the present study, the clinical effects of subgingival application of 0.8% hyaluronan gel as an adjunct to SRP in the treatment of generalized chronic periodontitis were assessed.
The following conclusions were drawn at the end of the study:
• There was a significant improvement in all the parameters found at different time intervals • There was a significant improvement in the primary variables of the periodontal parameters, i.e., PPDs and attachment levels in the sites wherein hyaluronan was used as compared to where it was not.
Within the limitations of the current study, subgingival placement of 0.8% HA gel along with SRP provided a significant improvement in periodontal parameters in the test sites after a 3-month period when compared with control sites. Thus, hyaluronan is surfacing as a promising prospect in the treatment of periodontitis. However, further studies with larger sample size are needed in this field to substantiate the assessment of the result of the said periodontal therapy.
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